Introduction
Interferon (IFN)-␣, -␤, and -␥ represent modulators of fibrous responses for a variety of mesenchymal cells in vitro. Especially, all three IFN-isoforms are well known to be capable of reducing collagen synthesis by dermal fibroblasts (1) (2) (3) . Thus, the IFNs have been implicated in the tight regulation of a balanced synthesis and degradation of collagen, which has to be transiently altered in processes such as cutaneous wound repair, or which seems to be blot analysis for T-cell-and monocyte/macrophagespecific marker proteins (CD4, F4/80) clearly revealed the presence of these subsets of leukocytic cells at the wound site, that are known to produce IFN-␥ in response to IL-18. Furthermore, we provide evidence that the presence of transforming growth factor-␤1 (TGF-␤1) at the wound site might reflect a counterregulatory mechanism in IL-18-induced IFN-␥ production, as TGF-␤1 strongly suppressed IL-18/phytohaemagglutinin (PHA)-induced IFN-␥ production by peripheral blood mononuclear cells (PBMC) in vitro. Conclusions: Normal tissue regeneration processes after cutaneous injury were not dependent on the presence of IFN-␥ in vivo, and IL-18 must serve additional roles rather than inducing IFN-␥ during the healing process.
by excessive collagen matrices in mice (11) . Moreover, using a murine wound-healing model, systemic administration of IFN-␥ upon injury decreased wound collagen deposition and clearly reduced the initial inflammatory response (12) indicating a role for this mediator in the control of excessive matrix synthesis during repair.
Although macrophages (13) and epidermal keratinocytes (14) have been reported to produce IFN-␥, T-lymphocytes are regarded as the main source of IFN-␥-production during inflammatory processes. In the mouse, T helper (Th) cells may be broadly divided into two subclasses based on the cytokine patterns they secrete (15) . Consistently, the Th1 subtype is characterized by a predominant secretion of IFN-␥ and IL-2 (16) . Following the preceding neutrophils and macrophages, T-cells peak within cutaneous wounds around day 7 after injury (17, 18) . Interestingly, global T-cell depletion caused a marked reduction in mechanical strength and collagen content of rat cutaneous wounds (19) . As IFN-␥ clearly reduced wound collagen synthesis (12) , the absence of IFN-␥-producing lymphocytes should lead to opposite effects. Moreover, as expression of the IFN-␥-inducing cytokine IL-18 temporally precedes the infiltration of T-lymphocytes upon injury (20) , we raised the question of a general presence of IFN-␥ during cutaneous healing.
In this study, we have investigated the expression pattern of IFN-␥ during cutaneous wound repair. Remarkably, we could not detect IFN-␥ mRNA and protein during the complete process of tissue regeneration. Moreover, we provide evidence that up-regulation of TGF-␤1 during repair might reflect a counterregulatory mechanism that suppresses IFN-␥ production in wound lymphocytes. Our data suggest that a normal repair is characterized by the suppression of IFN-␥ production, and, thus, our findings might provide an explanation for the wound healing deteriorations observed for IFN-␥-treated wounds (12) .
Materials and Methods

Animals
Female C57BLKS/J-m ϩ/ϩLepr db mice obtained from Jackson Laboratories (Bar Harbor, ME, USA) were chosen because they exhibit characteristics similar to those of human adult onset diabetes as a result of single autosomal recessive mutation on chromosome 4. This mutation inhibits signal transduction of the leptin receptor ObR (21) (22) (23) . Only the homozygous animals develop diabetes (21) . Female Balb/c mice were used as controls representing a normal, nondiabetic repair process. All animals were 10 weeks of age at the start of the experiment.
Wounding and Preparation of Wounds
To examine IFN-␥ expression during a normal and impaired wound-healing process, six fullthickness wounds were created on the backs of female Balb/c or C57BLKS/J-m ϩ/ϩLepr db mice. Animals were anesthetized with a single intraperitoneal injection of Ketamin (80 mg/kg body weight)/Xylazin (10 mg/kg body weight). The hair on the back of these mice were cut, and the back was subsequently wiped with 70% ethanol. Six full-thickness wounds (5 mm in diameter, 3-4 mm apart) were made on the backs of these mice by excising the skin and the underlying panniculus carnosus. The wounds were allowed to form a scab. Skin biopsy specimens from four animals were obtained 1, 3, 5, 7, and 13 days after injury. An area of 7-8 mm in diameter, which included the scab and the complete epithelial margins, was excised at each time point. As a control, a similar amount of skin was taken from the backs of four nonwounded mice. In every experiment, the wounds from four animals (n ϭ 16 wounds) and the nonwounded back skin from four animals, respectively, were combined, frozen immediately in liquid nitrogen, and stored at Ϫ80ЊC until used for RNA or protein isolation. All animal experiments were carried out according to the guidelines and with the permission from the local government of Hessen.
Immunohistochemistry
Mice were wounded as described previously. Animals were sacrificed at day 7, as T-lymphocytes are described to peak at the wound site at this time point after injury (17, 18) . Complete wounds were isolated from the middle of the back, bisected, and frozen in tissue freezing medium. Six micrometer frozen serial sections were fixed with acetone and treated for 10 min at room temperature with 1% H 2 O 2 in phosphate-buffered saline to inactivate endogenous peroxidases. They were subsequently incubated amide/8 M urea gels and analyzed using a PhosphoImager (Fuji, Straubenhardt, Germany).
Probe cDNAs
The murine cDNA probes for interferon-␥ (IFN-␥), transforming growth factor ␤1, or chymase, respectively, were cloned by reverse-transcriptase polymerase chain reaction (RT-PCR). The cloned cDNA fragments correspond to nucleotides 248-497 (for IFN-␥), nucleotides 1735-1974 (for TGF-␤1), or nucleotides 463-704 (for chymase) of the published sequences (26, 27 ; and EMBL. Acc. No. NM011577 for TGF-␤1).
Enzyme-linked Immunosorbent Assay for Wound-derived IFN-␥
Total protein (25 g diluted in lysis buffer (w/o Triton X-100) to a final volume of 50 l) from nonwounded skin lysates and wound lysates were subsequently analyzed for the presence of immunoreactive IFN-␥ protein by enzymelinked immunosorbent assay (ELISA) using the Quantikine murine IFN-␥ kit (R&D Systems, Wiesbaden, Germany) as described by the manufacturer.
Isolation of Peripheral Blood Mononuclear Cells
The study protocol and consent documents were approved by the Ethik Kommission of the Klinikum der Johann Wolfgang GoetheUniversität, Frankfurt am Main. Healthy volunteers abstained from any drugs during the 2 weeks before the study. Peripheral blood mononuclear cells (PBMC) were isolated as previously described (28) . For experiments with PBMC, cells were resuspended in RPMI 1640 supplemented with 25 mM HEPES, 100 U/ml penicillin, 100 g/ml streptomycin (Gibco-BRL, Eggenstein, Germany), and 1% (v/v) heat-inactivated human AB serum (Sigma Deisenhofen, Germany), and seeded at 3 ϫ 10 6 cells/ml in round-bottom polypropylene tubes. Induction experiments were performed using human recombinant IL-18 (PeproTec, Frankfurt, Germany), and phytohaemagglutinin (PHA) from Roche Biochemicals (Mannheim, Germany).
Enzyme-linked Immunosorbent Assay for PBMC-Derived IFN-␥
Levels of IFN-␥ in cell-free culture supernatants were determined by ELISA (Pharmingen, for 60 min at room temperature with a polyclonal anti-serum against murine IFN-␥ (R&D systems, Wiesbaden, Germany) 1:50 diluted in phosphate-buffered saline, 0.1% goat serum albumine. The slides were subsequently stained with the avidin-biotin-peroxidase complex system from SantaCruz (Heidelberg, Germany) using 3-amino-9-ethylcarbazole as a chromogenic substrate. After development, they were rinsed with water, counterstained with hematoxylin (Sigma, Deisenhofen, Germany), and mounted. Frozen sections from spleen isolated from endotoxin-treated mice were incubated with the same antibody as a positive control to assess the validity of the polyclonal anti-IFN-␥ antibody.
Preparation of Tissue Lysates and Western Blot Analysis
Skin samples were homogenized in lysis buffer (1% Triton X-100, 20 mM Tris/HCl, pH 8.0, 137 mM NaCl, 10% glycerol, 5 mM ethylendiamine tetraacetic acid, 1 mM phenylmethylsulfonyl fluoride, 1% aprotinin, 15 g/ml leupeptin). The tissue extract was cleared by centrifugation. Fifty micrograms of total protein from these lysates was separated using sodium dodecyl sulfate-gel electrophoresis. After transfer to a PVDF membrane, CD4 protein was detected by a polyclonal antibody raised against human CD4 (Santa Cruz, Heidelberg, Germany), macrophage-specific F4/80 protein was determined using a monoclonal antibody raised against murine F4/80 antigen (Serotec, Hamburg, Germany), or IFN-␥ protein was detected using the polyclonal antibody as described under the section on Immunohistochemistry. IL-18-specific proteins were detected using a monoclonal antibody as described recently (20) . A secondary antibody coupled to horseradish peroxidase and the ECL detection system were used to visualize the proteins. Phenylmethylsulfonyl fluoride, aprotinin, and leupeptin were from Sigma (Deisenhofen, Germany), and the ECL detection system was obtained from Amersham (Freiburg, Germany).
RNA Isolation and RNase Protection Assay
RNA isolation was performed as described (24) . Twenty micrograms of total RNA from wounded or nonwounded skin were used for RNase protection assays. RNase protection assays were carried out as described (25) . Protected fragments were separated on 5% acryl-Hamburg, Germany) according to the manufacturers instructions.
Results
Temporal Correlation Between IL-18 Protein Expression and the Presence of Th Cells and Macrophages During Normal and Impaired Wound Healing
Major biologic properties of IL-18 are represented by its ability to stimulate IFN-␥ production and Th1 cell differentiation (29) . Moreover, murine macrophages respond also to an IL-18 stimulus with the production of large amounts of IFN-␥ (13). Thus, it becomes obvious that the appearance of IL-18 must be closely correlated to these subsets of infiltrating leukocytes in a temporal manner during cutaneous healing to subsequently trigger IFN-␥ production by the cells. For this reason, we determined the time course of IL-18 expression during normal repair. Moreover, as the production of IFN-␥ might be associated with the inflammatory phase of repair, we have determined IL-18 expression and immigration of the Th/macrophage subset of leukocytes during healing in the genetically diabetic db/db mouse, which is characterized by a prolonged inflammatory phase of repair (30) . Consistent with previous data (20), we observed a rapid and strong increase in IL-18 protein upon injury, which is most likely to represent the unprocessed, immature 24 kDa pro-IL-18 precursor form (Fig. 1A, lower panel) . Remarkably, diabetes-impaired healing was characterized by prolonged and strongly elevated levels of IL-18 protein (Fig. 1B, lower panel) . To determine the presence of Th leukocytes, a cell type potentially capable of producing IFN-␥ (29) in the wound, we used the CD4 receptor as a marker protein that is expressed in this cell type (31) . Moreover, as IL-18-stimulated monocytic cells also have been described to produce IFN-␥ (13), we additionally determined the presence of F4/80 antigen at the wound site, which represents a 160-kDa glycoprotein that is specifically expressed by murine macrophages (32) . Although IL-18 protein levels started to decline from day 3 after injury in normal wounds, there was clear evidence that infiltrating Th cells (as assessed by CD4 expression; Fig. 1A , upper panel) and macrophages (as assessed by F4/80 expression; Fig. 1A , middle panel) were still exposed to elevated levels of IL-18 protein at day 5 and 7 postwounding (Fig. 1A, lower panel) . As the CD4 antibody unspecifically detects a major band of approximately 90 kDa in total wound lysates, we have used total protein from lysates of human PBMC as a positive control for CD4 protein detection by this antibody (Fig. 1A, PBMC lane) . Diabetesimpaired healing was characterized by a close temporal correlation between the presence of IL-18, the infiltration of Th leukocytes and, moreover, a prolonged presence of monocytic cells at the wound site, thus generating a prerequisite for the induction of IFN-␥ (Fig. 1B) .
Lack of IFN-␥-induction During Normal and Impaired Cutaneous Wound Repair
As a next step, we determined whether the observed high levels of IL-18 in the presence of Th cells and macrophages might trigger the subsequent induction of IFN-␥ at the wound site. Moreover, it was tempting to speculate that the observed differences in IL-18 expression patterns that met Th cells and macrophages during normal or impaired repair (see Fig. 1 ) might result in different expression levels of IFN-␥. Despite the observed presence of IL-18 and these cells, unexpectedly, we could not identify any IFN-␥-specific signals at the mRNA level by the sensitive RNase protection method for both the normal ( Fig. 2A, upper  panel) and, additionally, the diabetes-impaired ( Fig. 2A, lower panel) wound-healing processes. As a control, we simultaneously hybridized a GAPDH antisense with the same sets of RNA. Note that we indeed could confirm the functionality of the murine IFN-␥ probe, as we obtained a strong signal in total RNA from spleen isolated from a LPS-treated mouse that was used as a positive control for IFN-␥-expression ( Fig. 2A, upper right panel) . Consistently, we could not detect any IFN-␥-specific signals in total protein (50 g loaded) of wound lysates isolated from wild-type (Fig. 2B, upper panel) or diabetic (Fig. 2B, lower panel) animals. Note that the antibody indeed recognized recombinant murine IFN-␥, which has been loaded on the same gels as a positive control. To further confirm the absence of IFN-␥ in cutaneous wounds of normal and diabetic animals, we assessed wound lysates of these animals for the presence of IFN-␥-specific proteins using ELISA. As shown in Table 1 , we could not detect any IFN-␥ throughout all wound-healing time points examined. That means that the amounts of IFN-␥ protein in wound lysates of all examined time points were beneath the lowest IFN-␥-standard concentrations used, and, therefore, beneath the detection limit of 3 pg/ml as given by the manufacturer. To control the reliability of the assay, we were able to measure and, thus, specifically detect murine recombinant IFN-␥, which has been added to 1-day wound lysates prior to the measurement ( Table 1) .
As we could not detect IFN-␥ using RNase protection assay, Western blot analysis and ELISA, we additionally performed immunohistochemistry on frozen serial sections from isolated 7-day wounds (Fig. 3A) . For this purpose, we treated 6-m frozen sections with the antibody against murine IFN-␥. As shown in Figure 3A , we could not observe any anti-IFN-␥ immunolabeled cells within the granulation tissue, and, thus, immunohistochemistry analysis further strengthens the observation of missing IFN-␥ expression during skin repair. To assess the validity of the lacking immunopositive staining for IFN-␥ in the skin sections, we used frozen sections from spleen obtained from a LPS-treated mouse as a positive control for IFN-␥ expression (Fig. 3B) .
Strong and Constitutive Expression of Chymase During Repair
As we had observed IL-18 protein to appear mainly in the unprocessed pro-IL-18 form Total protein (25 g) from lysates of nonwounded and wounded back skin (day 1, 3, 5, 7, and 13 after injury as indicated) isolated from Balb/c mice (wt) and diabetic mice (db) were assessed for the total amount of IFN-␥-specific proteins dring wound repair as determined by ELISA (R&D Systems). Eight wounds (n ϭ 8) from the backs of four animals were excised for each experimental time point and used for protein isolation. Addition of 50 pg recombinant murine IFN-␥ to 1-day wound lysates was used to verify the functionality of the IFN-␥-ELISA. Ͻ d.1., below detection limit.
during repair, the absence of mature IL-18 might provide an explanation for the lack of IFN-␥-inducing activity. As it has been shown that proteases associated with inflammatory conditions such as chymase, cathepsin, elastase, or matrix metalloproteinases (MMP) were capable to convert the unprocessed IL-1␤ precursor into the mature and active form (33) (34) (35) , pro-IL-18 also may be cleaved by these non-IL-1␤-converting-enzymes (ICE) in the context of repair. As the expression of MMPs have been well described for the healing process (36), we additionally determined the possible presence of a second type of protease, namely, mast cellderived chymase, at the wound site. As shown in Figure 4 , we observed a strong and constitutive expression of chymase mRNA during skin repair. These data indicate, indeed, the expression of enzymes with suggested pro-IL-18 converting properties within the wound.
TGF-␤1 Strongly Attenuates IL-18/PHA-induced IFN-␥ Production by PBMC
Interestingly, we could not detect IFN-␥ expression during wound healing despite the presence of mononuclear cells and IL-18 at the wound site. As IFN-␥ represents a negative regulator of collagen production in fibroblasts (1-3), and, by contrast, TGF-␤1 stimulates wound fibroblasts to synthesize a new collagenrich matrix (37), we assessed the possibility that the presence of TGF-␤1 at the wound site (38) might reduce leukocyte-derived IFN-␥ production. For this purpose, we isolated and cultured human peripheral blood mononuclear cells (PBMC). Costimulation of cells with PHA/IL-18 led to a dramatic release of IFN-␥ by the cells (Fig. 5A) . The same experiment has been repeated with an IL-12/IL-18 stimulus which also led to an intense production of IFN-␥ (data not shown). More important, simultaneous addition of TGF-␤1 to stimulated PBMC resulted in a more than 75% reduction in IFN-␥ release from cultured cells of all donors (Fig. 5A) . Thus, TGF-␤1 indeed represents a potent inhibitor of IFN-␥ production in vitro.
Strong Expression of TGF-␤1 During Normal and Impaired Healing
Finally, we investigated the presence of TGF-␤1 during cutaneous repair in vivo to strengthen the in vitro observations of TGF-␤1 as an inhibitor of IFN-␥ production. Previously, we have demonstrated a strong induction of TGF-␤1 during normal repair (38) , and neutralization studies against the three TGF-␤-isoforms clearly demonstrated a functional role of the factors for skin repair in a rat model of cutaneous healing (39) . However, the situation for diabetes-impaired healing remains unclear. As shown in Figure 5B (upper panel), we assessed an induction of TGF-␤1 during normal repair, thus confirming our previous report (38) . Moreover, also diabetes-impaired healing in db/db mice was characterized by a strong presence of TGF-␤1 during repair (Fig. 5B , lower panel) indicating that this mediator might be responsible, at least partially, for the observed absence of IFN-␥ during impaired healing conditions.
Discussion
Wound healing represents a highly dynamic process finally leading to an imperfect regeneration of the injured tissue. One central process of tissue regeneration is the formation of granulation tissue, starting about 3 to 4 days after injury (36) . The main cell types driving the generation of new stroma are macrophages and fibroblasts, and interaction of these cell types leads to deposition of newly synthesized connective tissue. Fibroblasts located within the developing granulation tissue are characterized by three main capacities: proliferation, migration, and production of extracellular matrix. As the fibroblasts invade the wound site and become activated, an important change in cellular behavior occurs: the wound fibroblasts switch on protein synthesis. As the migratory phenotype subsequently changes into a profibrotic phenotype, an extensive protein synthesis machinery is turned on in the cells that are now characterized by large amounts of rough endoplasmic reticulum, and the Golgi apparatus filled with collagen (40) . One growth factor with outstanding regulatory potency concerning regulation of fibroblast matrix production represents TGF-␤1. During granulation tissue formation, TGF-␤1 is highly expressed in wound fibroblasts (38) . This might resemble a potent autocrine stimulatory mechanism, as fibroblasts produce large amounts of collagen after TGF-␤1 stimulation (41, 42) . After deposition of the collagen-matrix, fibroblasts down-regulate their matrix synthesis despite the presence of TGF-␤1 at the wound site. An important factor for down-regulating fibroblast matrix synthesizing activities during late granulation might be represented by IFN-␥. In vitro studies clearly demonstrated that IFN-␥ potently attenuates type I and type III procollagen mRNA levels in human skin fibroblasts (3). The counterregulatory potencies of IFN-␥ with respect to fibroblast collagen synthesis is further reflected by its capacity to efficiently readjust elevated collagen production of cultured sclerodema fibroblasts to normal levels (2). Moreover, several in vivo studies revealed an inhibitory effect of IFN-␥ on skin collagen synthesis. Subcutaneous implantation of small osmotic pumps into mice was characterized by a subsequent fibrotic process that finally covered the implants by fibrous tissue. Delivery of IFN-␥ from these pumps, interestingly, clearly reduced the collagen deposition (11) . Additionally, using a murine wound-healing model, systemic administration of IFN-␥ resulted in a markedly decreased amount of fibrillar collagen bundles compared to placebo-treated control animals. In addition, the spaces between the collagen fibers were increased and filled with acid mucopolysaccharides (12) . This IFN-␥-directed effect was as pronounced also in 21 day wounds which were characterized by smaller and less distinct collagen bundles (12) . Nevertheless, a direct report demonstrating the availability of IFN-␥ at the wound site, which might indeed strengthen the proposed antifibrotic actions of IFN-␥ during repair, is still not available. Indirect contributions have been made by determination of infiltrating lymphocyte cell numbers at the wound site. Especially, the Th 1 subtype might represent the IFN-␥-releasing cellular source at the wound site, as these cells are known to secrete IFN-␥ (16). Natural killer (NK) cells, which are stimulated for an enhanced cytotoxicity and IFN-␥ production by an IL-18 costimulation (29), are not central to a normal repair process (43) . By contrast, suppressed NK cell activity has been reported after experimental injury and, moreover, in clinical studies from thermal and traumatic injuries (44, 45) suggesting that impaired NK cell function might contribute to the increased susceptibility to posttraumatic infection rather than to participate in IFN-␥ production. It has long been known that T-lymphocytes peak between day 5 and 7 after injury (17, 18) . These are exactly the time points when extensive fibroblastderived collagen synthesis needs to undergo a tight counterregulatory control during repair. Thus, it is tempting to speculate that T-cellderived IFN-␥ might represent a potent mediator counterregulating the profibrotic conditions that are well described to be mediated by TGF-␤1 (39) . Even IL-18-driven IFN-␥ release from macrophages (13) might be discussed to precede T-cell secreted IFN-␥ during repair, as macrophage cell numbers peak at day 3 postwounding (46; see Fig. 1 ). Remarkably, we observed an opposite effect, as TGF-␤1 potently attenuated IL-18-triggered PBMC-derived IFN-␥ release in vitro. The observed strong TGF-␤1-mediated decrease in IFN-␥ production was consistent with a previous report from Espevik et al. (47) . This correlation would imply a completely different interaction between the profibrotic TGF-␤1 and the antifibrotic IFN-␥ at the wound site. The large induction of TGF-␤1 upon injury (38; this study) might be responsible for the suppression of IFN-␥ by infiltrating T-cells. This hypothesis fits the observation that depletion of TGF-␤1 from cutaneous wounds results in a markedly reduced collagen I and collagen III deposition compared to control animals (39) . Moreover, this work from Shah et al. (39) strongly suggests that the observed expression of TGF-␤1 during repair (38; this study) is translated into biologically active TGF-␤1, as specific inhibition of TGF-␤1 actions at the wound site by exogenous application of TGF-␤1 neutralizing antibodies further resulted in reduction of fibronectin deposition, a reduced macrophage profile, and reduced wound vascularization. Accordingly, the TGF␤s have been clearly implicated as important factors driving cellular proliferation, differentiation, and migration pivotal to cutaneous wound healing (48, 49) . Thus, one might speculate that, at least partially, the loss of active TGF-␤1 in this experimental setup leads to an increase in IFN-␥ in the wound, which then exerts its antifibrotic actions. This potential mechanism is further supported by the observation that systemic treatment of rats or mice with polyinisinic-polycytidylic acid resulted in enhanced closure rates of cutaneous wounds, which were accompanied by an observed increase of TGF-␤1 expression associated with elevated collagen I and collagen III expression (50) . On the other hand, one has to consider that IL-18, like IL-1␤, has to be processed from its immature proform to gain biologic activity. Thus, as the detected IL-18 protein during repair was most likely to represent the immature precursor (see Fig. 1 ), this phenomenon might provide a second explanation for the observed lack of IFN-␥-inducing activities at the wound site. However, pro-IL-1␤ and pro-IL-18 might share more proteinases than the described IL-1␤-converting enzyme (ICE) (51, 52) that are capable of releasing the mature cytokines from their inactive precursors. Especially for inflammatory conditions, proteases such as chymase (33) , cathepsin, and elastase (34), or even matrix metalloproteinases (MMP) (35) have been shown to process IL-1␤ independent from the ICE pathway. As MMPs are highly expressed by keratinocytes during the inflammatory and reepithelialization phase of wound repair (36) and also expression of chymase could be observed (this study), it is tempting to speculate that the large amounts of pro-IL-18, which are recognized by the antibody (Fig. 1) , will be processed, at least to small amounts, by woundderived proteases in the context of repair.
The absence of IFN-␥, at least below detectable amounts (this study), during repair obviously raises a second important question: What physiological actions are mediated by IL-18 during tissue repair? Initially described as IFN-␥-inducing factor (IGIF) (53), IL-18 primarily serves the biologic function as a costimulant for Th 1 cell cytokine production by acting as a costimulant for IFN-␥ production with IL-12, IL-2, microbial agents, or mitogens (54, 55) . For normal healing, we observed large amounts of IL-18 protein after injury (20; this study), but maximal IL-18 induction levels (day 3) clearly preceded maximal T-cell infiltration (day 7) at the wound site. Nevertheless, IL-18 levels still remained elevated when T-cells arrive. Moreover, diabetes-impaired healing, which is characterized by a prolonged inflammatory phase, revealed large amounts of IFN-␥-co-inducing IL-18. However, for both healing conditions, we could not detect any IFN-␥ present within the wounds. In this context, it is worth noting that IL-18 is reported to induce tumor necrosis factor-␣, IL-1␤, and both CXC and CC chemokines (56) , thus placing IL-18 among other proinflammatory cytokines as a most likely contributor to local inflammation. This is in line with a very recent report that demonstrated intradermal injection of an IL-18 cDNA under control of the constitutive CMV promoter led to production of IL-18 in dermal cells which was subsequently followed by a massive infiltration of immune cells into the skin (57) . Additionally, this observation indeed suggests that the constitutive intradermal expression of pro-IL-18 protein from the encoding cDNA finally led to an in situ conversion of the IL-18 precursor protein into a biologically active form. Thus, one has to consider that IL-18 indeed does not serve its well-described IFN-␥-inducing capabilities during cutaneous wound repair, but is most likely to provide additional, but yet unknown functions during tissue-regeneration processes.
